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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
perpendicular magnetic recording head which 
generates a high magnetic recording field exceeding 
10kOe while having a narrow main pole coping with a 
high recording density in excess of 100Gb/in2 and is 
modified so as to suppress residual magnetic fields 
occurring immediately after a recording operation. 
SOLUTION: The thin film perpendicular magnetic 
recording head is provided with a main pole, a return 
path for supplying a magnetic flux to the main pole, 
and a conductor coil for excitation of the main pole 
and the return path, and the main pole has a pole 
width of 200nm or less and has a magnetic multilayer 
made of a high saturation flux density layer and a low 

saturation flux density layer, and the low saturation flux density layer has a thickness 
within 0.5 to 5nm, and the high saturation flux density layer has a thickness of 10 to 50nm, 
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and thus residual magnetization is suppressed and erasing after recording is prevented by 
adopting a closre magnetic domain structure in the pole. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

the conductor for exciting a return path, and said main pole and said return path for supplying 
magnetic flux to the main pole and said main pole — the thin film magnetic head for vertical 
magnetic recordings which has a recording head equipped with a coil — setting 
The magnetic pole width of face of said main pole is 200nm or less, 

Said main pole has the magnetic multilayers of a high saturation-magnetic- flux-density layer and a 
hyposaturation flux density layer, 

Said high saturation-magnetic- flux-density layer contains a Fe-Co alloy, 

The thin film magnetic head for vertical recording characterized by the sense of magnetization of 
said high saturation-magnetic-flux-density layer of the pair which counters through said 
hyposaturation flux density layer carrying out the anti-parallel array in said magnetic multilayers. 
[Claim 2] 

the conductor for exciting a return path, and said main pole and said return path for supplying 
magnetic flux to the main pole and said main pole — the thin film magnetic head for vertical 
magnetic recordings which has a recording head equipped with a coil — setting 
The magnetic pole width of face of said main pole is 200nm or less, 

Said main pole has the magnetic multilayers of a high saturation-magnetic-flux-density layer and a 
hyposaturation flux density layer, 

The range of the thickness of said hyposaturation flux density layer is 0.5nm or more and 5nm or 
less, 

The thin film magnetic head for vertical recording to which thickness of said high saturation- 
magnetic-flux-density layer is characterized by lOnm or more being 50nm or less. 
[Claim 3] 

The thin film magnetic head for vertical recording according to claim 2 to which thickness of said 
high saturation-magnetic-flux-density layer is characterized by lOnm or more being 20nm or less. 
[Claim 4] 

Said high saturation-magnetic-flux-density layer is the thin film magnetic head for vertical recording 
according to claim 2 characterized by containing a Fe-Co alloy. 
[Claim 5] 

Claim 1 characterized by for said high saturation-magnetic-flux-density layer being a ferromagnetic 

layer, and said hyposaturation flux density layer being a non-magnetic layer, and the thin film 

magnetic head for vertical recording given in two. 

The thin film magnetic head for vertical recording of a publication. 

[Claim 6] 

The number of layers of said high saturation-magnetic-flux-density layer contained in said magnetic 
multilayers is claim 1 characterized by being four or more layers, and the thin film magnetic head for 
vertical recording given in two. 
[Claim 7] 

The number of layers of said high saturation-magnetic-flux-density layer contained in said magnetic 
multilayers is claim 1 characterized by being ten or more layers, and the thin film magnetic head for 
vertical recording given in two. 
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[Claim 8] 

Said magnetic multilayers are the thin film magnetic head for vertical recording given in claims 1 
and 2 characterized by carrying out the laminating in the direction parallel to a perpendicular flat 
surface to the medium opposed face of said main pole. 
[Claim 9] 

Said high saturation-magnetic-flux-density layer is claim 1 characterized by containing the alloy 
expressed with general formula (Fe70-xCo 30+x) 100-yMy (however, 0<=x<=20, 0<=y<=15, and M 
consist of nickel, B, Ti, Nb, aluminum, aluminum-O, Si, Si-O, or such combination.), and the thin 
film magnetic head for vertical recording given in two. 
[Claim 10] 

The crystal structure of said high saturation-magnetic- flux-density layer is claim 1 characterized by 
mainly having body-centered cubic lattice structure, and the thin film magnetic head for vertical 
recording given in two. 
[Claim 11] 

The crystal structure of said hyposaturation flux density layer is claim 1 characterized by mainly 
having face-centered cubic lattice structure, and the thin film magnetic head for vertical recording 
given in two. 
[Claim 12] 

Said hyposaturation flux density layer is claim 1 characterized by including at least one or more sorts 
in nickel-Cr, nickel-Fe, nickel-Fe-Cr, and Ta, and the thin film magnetic head for vertical recording 
given in two. 
[Claim 13] 

The thin film magnetic head for vertical recording given in claims 1 and 2 characterized by the 
thickness of said high saturation-magnetic-flux-density layer of the pair which faces each other 
through said hyposaturation flux density layer differing in said magnetic multilayers. 
[Claim 14] 

The thickness of the layer of the furthest side from a substrate of said high saturation-magnetic-flux- 
density layers of said main pole and the layer of the side nearest to a substrate is claim 1 
characterized by being thinner than the other high saturation-magnetic-flux-density layer, and the 
thin film magnetic head for vertical recording given in two. 
[Claim 15] 

Furthermore, claim 1 characterized by having the reproducing head which has the magneto-resistive 
effect.mold sensor which changes the spatial distribution of a leakage field into resistance change 
thru/or electrical-potential-difference change and the thin film magnetic head for vertical recording 
given in two. 
[Claim 16] 

Said return path is claim 1 characterized by consisting of a York part which sends direct magnetic 
flux into said main pole, and at least two parts of an auxiliary magnetic pole with the field which 
countered the medium, and consisting of a ferromagnetic which all has saturation magnetic flux 
density lower than said high saturation-magnetic-flux-density layer, and the thin film magnetic head 
for vertical recording given in two. 
[Claim 17] 

the conductor for exciting a return path, and said main pole and said return path for supplying 
magnetic flux to the main pole and said main pole ~ the manufacture approach of the thin film 
magnetic head for vertical magnetic recordings of having a recording head equipped with a coil — 
setting 

The deposition process which deposits the magnetic multilayers of a hyposaturation flux density 
layer and the high saturation-magnetic-flux-density layer containing a Fe-Co alloy by sputtering on a 
substrate, 

It is the manufacture approach of the description and the thin film magnetic head for ********** 
about including the etching process by ion milling. 
[Claim 18] 

In a magnetic-recording medium, the thin film magnetic head for vertical recording, the device in 
which said thin film magnetic head for vertical recording is positioned on said magnetic-recording 
medium, and the magnetic disk drive that performs coding of preservation data, and a decryption of 
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read-out data while passing a record current and the regenerative current to said thin film magnetic 
head for vertical recording, 

A return path for the thin film magnetic head for vertical recording to supply magnetic flux to the 
main pole and said main pole, It has a coil and the magnetic pole width of face of said main pole is 
200nm or less, the conductor for exciting said main pole and said return path — said main pole It has 
the magnetic multilayers of a high saturation-magnetic-flux-density layer and a hyposaturation flux 
density layer, the range of the thickness of said hyposaturation flux density layer is 0.5nm or more 
and 5nm or less, and the thickness of said high saturation-magnetic-flux-density layer is lOnm or 
more 50nm or less, 

Said magnetic-recording medium is a magnetic disk drive characterized by including the recording 
layer which consists of a ferromagnetic of high coercive force which holds the written-in data by 
uniaxial magnetic anisotropy, and the magnetic-flux keeper layer of low coercive force which 
contributes to record field generating by the interaction with said record component. 
[Claim 19] 

In a magnetic-recording medium, the thin film magnetic head for vertical recording, the device in 
which said thin film magnetic head for vertical recording is positioned on said magnetic-recording 
medium, and the magnetic disk drive that performs coding of preservation data, and a decryption of 
read-out data while passing a record current and the regenerative current to said thin film magnetic 
head for vertical recording, 

A return path for the thin film magnetic head for vertical recording to supply magnetic flux to the 
main pole and said main pole, It has a coil and the magnetic pole width of face of said main pole is 
200nm or less, the conductor for exciting said main pole and said return path — said main pole It has 
the magnetic multilayers of a high saturation-magnetic-flux-density layer and a hyposaturation flux 
density layer, said high saturation-magnetic- flux-density layer contains a Fe-Co alloy, and the sense 
of magnetization of said high saturation-magnetic-flux-density layer of the pair which counters 
through said hyposaturation flux density layer carries out an anti-parallel array in said magnetic 
multilayers, 

Said magnetic-recording medium is a magnetic disk drive characterized by including the recording 
layer which consists of a ferromagnetic of high coercive force which holds the written-in data by 
uniaxial magnetic anisotropy, and the magnetic- flux keeper layer of low coercive force which 
contributes to record field generating by the interaction with said record component. 
[Claim 20] 

Spacing based on [ of said high saturation-magnetic-flux-density layer of said thin film magnetic 
head ] thickness is a magnetic disk drive claim 18 characterized by being smaller than the twice of 
the distance of said main pole at the time of record playback actuation, and said keeper layer front 
face, and given in 19. 
[Claim 21] 

Said magnetic-flux keeper layer of said magnetic-recording medium is a magnetic disk drive claim 
18 characterized by consisting of the magnetic multilayers of a high saturation-magnetic-flux-density 
layer and a hyposaturation flux density layer, magnetic multilayers of a ferromagnetic layer and a 
non-magnetic layer, or magnetic multilayers of a ferromagnetic layer and an antiferromagnetism 
layer, and given in 19. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

a record field with this invention high also in the case of the narrow track corresponding to high 
density magnetic recording — it can generate — in addition — and it is related with the thin film 
magnetic head for vertical recording of high reliance which operates to stability, its manufacture 
approach, and the magnetic disk drive using this. 
[0002] 

[Description of the Prior Art] 

Digitization of various media is advancing quickly with development of an information processing 
technique. In addition to the personal computer and server from the former, the need of storing a lot 
of digital information also in household electric appliances, an audio, etc. has arisen, and the 
magnetic disk drives used as the nucleus of a non- volatile file system increase in number until now, 
and are asked for rapid large capacity-ization. It means raising more, the bit density, i.e., the surface 
recording density, recorded on large capacity-ization of a magnetic disk drive, i.e., a medium top. 
[0003] 

Generally the recording method in the magnetic disk drive by which current utilization is carried out 
is called the recording method within a field. This is a method which records information by using as 
a record medium the ferromagnetic which has big coercive force in the direction parallel to a disk 
substrate side, and magnetizing this record medium to substrate side inboard. In this case, the flux 
reversal section with which the magnetization within a field made the include angle which is 180 
degrees and which it has faced corresponds to 1 which is a bit. 
[0004] 

In order to raise surface recording density, it is necessary to increase the bit density (track recording 
density) of a disk circumferencial direction, and disk radial bit density (track density) to coincidence. 
Although track density is restricted by the magnetic pole width-of-face formation process of 
record/reproducing head, and the positioning accuracy of a device system, these are mainly only 
technical technical problems. On the other hand, increase of track recording density is considered 
that a record medium receives theoretic constraint according to the fact of being the aggregate of a 
ferromagnetic particle. 
[0005] 

Since magnetization has faced each other focusing on flux reversal in the recording method within a 
field, the big internal field called an anti-field in the direction which decreases magnetization is 
produced around this flux reversal. The field where sufficient value is not reached, a transition 
region, i.e., magnetization, with the width of face of finite, is formed in the flux reversal section of 
this anti-field. 
[0006] 

If the magnetization transition region which adjoins each other when it carries out by narrowing bit 
spacing interferes, un-arranging [ of the location of substantial flux reversal shifting ] will occur. For 
this reason, it is necessary to make width of face of a magnetization transition region smaller than bit 
spacing at least. Therefore, while specifically improving the coercive force of a medium, it is 
required a configuration which a medium overcomes for raising track recording density at an anti- 
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field, and is magnetized, and to reduce the thickness of a record magnetic film and to control an anti- 
field. For this reason, track recording density will be strongly restricted by the configuration and 
magnetic properties of a medium. 
[0007] 

By the standard recording method within a field, the ratio of track recording density and track 
density is made desirable [ carrying out to about five to about ten ]. When realizing recording density 
of 100 Gb/in2 (101 1 bits per 1 square inch) on the basis of this condition, bit spacing of a 
circumferencial direction is set to about 25nm. If the need property of a medium that on the other 
hand flux reversal width of face is set to 25nm or less with an easy model is estimated, 15nm or less 
of medium thickness and more than coercive force 5kOe (oersted) will serve as a requirement. 
[0008] 

2.4T [ however, ] (tesla) which are the maximum saturation magnetic flux density (henceforth, Bs) 
which can expect the record field which the record component of the recording method within a field 
can generate to an usable magnetic pole ingredient — as a premise — at most -- 9kOe extent is 
considered to be a limit. In this case, if the coercive force of a medium recording layer exceeds 5kOe 
(s), reservation of the record field which can fully magnetize a medium will become difficult. If the 
thickness of a magnetic film is set to 15nm or less, since a substantial medium crystal grain child's 
volume will become small, it becomes impossible moreover, to disregard the magnitude of heat 
energy (namely, energy which carries out the turbulence of the magnetization) compared with the 
anisotropy energy (namely, energy which is going to stabilize magnetization in the fixed direction) 
of each particle in Co alloy system magnetic film. For this reason, the heat fluctuation of 
magnetization becomes remarkable and the problem of heat demagnetization that the magnitude of 
record magnetization decreases along with the passage of time occurs. In order to control heat 
demagnetization, it is necessary to increase coercive force further or to increase the volume of crystal 
grain. 
[0009] 

However, when the head field is restricted like point **, there is an upper limit in the coercive force 
which can be permitted. Moreover, increasing thickness for volume increase of crystal grain means 
increase of the magnetization transition region by the increment in an anti-field, i.e., the fall of 
possible track recording density. On the other hand, if it is going to secure the crystal grain volume 
in the crystal size of field inboard, since run DAMUNESU of the magnetization distribution in a 
medium will become large, increase of a medium noise is imitated, it comes and sufficient signal 
S/N ratio is no longer obtained. Thus, theoretic difficulty is expected in order to realize record within 
a field exceeding surface recording density 100 Gb/in2, satisfying the conditions of heat 
demagnetization resistance, a low noise, and sufficient record. 
[0010] 

The vertical recording method was proposed in order to avoid this theoretic difficulty. A vertical 
recording method is a method which forms magnetization of a thin film medium at right angles to a 
film surface, and differs from the case where a record principle is the conventional magnetic- 
recording medium within a field. Since it becomes an antiparallelism array, without adjoining 
magnetization facing each other, vertical magnetic recording is not influenced of an anti-field. 
Therefore, it is expected that a magnetization transition region can very be narrowed and they are 
slight height and a cone about track recording density. Moreover, since it is the same and the demand 
to the formation of a medium thin film is not so strong as the record within a field, high resistance is 
securable also to heat demagnetization. 
[0011] 

Thus, vertical magnetic recording attracts attention as a method which was essentially suitable for 
high density magnetic recording, and the configuration of the thin film magnetic head combined with 
the ingredient and structure of various media, and them is proposed. There are a method which uses 
the perpendicular magnetic anisotropy films of a monolayer for a vertical recording method, and a 
method which adjoins the disk substrate side of perpendicular magnetic anisotropy films, and 
prepares the magnetic-flux keeper layer of low coercive force. 
[0012] 

If a two-layer vertical-magnetic-recording medium with a magnetic-flux keeper layer is used, the 
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advantage of becoming possible to generate the big record field which has steeper distribution 
compared with the ring head used in the record within a field in combination with the record 
component of (2) single magnetic pole mold which can reduce the anti-field generated in (1) 
recording layer can be considered. This technique is described by nonpatent literature 1, for example. 

[0013] 

The medium which prepared the perpendicular magnetic anisotropy films which consist of a CoCr 
alloy as a vertical-magnetic-recording medium of this method on the magnetic-flux keeper layer 
which consists of soft magnetism layers, such as a permalloy, and Fe system amorphous alloy thru/or 
a fine crystal alloy, is examined. Furthermore, the so-called granular medium which distributed Co 
system magnetic-substance particle is examined in the so-called population grid film, such as Co/Pd 
and Co/Pt, or Si02 as a recording layer in recent years, and the magnetic multilayers which 
combined in antiferromagnetism the cascade screen or the ferromagnetic layers which stabilized the 
magnetic domain by using the antiferromagnetic substance as a keeper layer are used. 
[0014] 

Generally the gestalt of the record component used in the vertical recording using the medium for 
vertical recording which has a magnetic-flux keeper layer is called a single magnetic pole mold 
record component. Not the configuration that this faces each other through a gap layer with two very 
thin magnetic poles like the so-called ring type record component in the record within a field but the 
structure which one magnetic pole (main pole) 13 has projected toward the medium like drawing 1 is 
the description. However, in order to form a magnetic path, the magnetic pole called the submagnetic 
pole 16 by arrangement which sandwiches a coil 17 in between is prepared. 
[0015] 

existence of this submagnetic pole 16 — the main pole ~ it is the description that the magnetic path 
of 13 -> magnetic-flux keeper layer 19 -> secondary magnetic pole 16 -> York 14 and the 15 -> 
main pole 13 is constituted, and record actuation can be performed at the optimal effectiveness. 
Since the magnetic flux which flows between the main pole 13 and the keeper layers 19 serves as 
arrangement which crosses a recording layer 18, the flow of this magnetic flux makes a record field, 
and the record bit 20 is formed into a recording layer 18. 
[0016] 

There is a problem of the residual magnetization of the main pole as one of the serious problems 
peculiar to the vertical recording using the interaction of such a record component of a single 
magnetic pole mold, and a magnetic-flux keeper layer. This is the phenomenon pointed out in 
nonpatent literature 2. 
[0017] 

This phenomenon is called "erase-after-write" (after [ record ] elimination), and signs 
that the signal on a medium is eliminated by the direct-current field by the residual magnetization 
immediately after record actuation are indicated. The head is moving continuously into an actual 
magnetic disk drive in the disk top. Therefore, when such a phenomenon occurs in record actuation, 
there is a possibility of reaching far and wide on a disk very much, and eliminating data and servo 
information. 
[0018] 

This is considered to be a fatal fault in the viewpoint of the dependability of a magnetic-recording 
regeneration system. The approach of optimizing the configuration of York in the patent reference 1 
is indicated as a means to avoid this phenomenon. According to this approach, it is avoidable that 
elimination after record occurs by the residual magnetization produced into the York part. 
[0019] 

However, since it must miniaturize according to increase of recording density, the amount of 
[ which, as for the York part, specifies narrow recording track width of face to a thing with the 
comparatively high degree of freedom of a dimension and a configuration ] magnetic pole point 
needs to control residual magnetization with a completely different means. As one of such the 
means, the approach using magnetic multilayers is learned in the thin film 1 micron or less like the 
main pole material of the thin film magnetic head for vertical recording. 
[0020] 
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The configuration which uses multilayers for the main pole of the single magnetic pole head for 
vertical recording is indicated by the patent reference 2. Moreover, the optimal ingredient and the 
lamination for stabilizing the magnetic domain in magnetic multilayers are indicated by the patent 
reference 3, the patent reference 4, and the patent reference 5. However, each of these aims at 
stabilization by single-domain-izing of a magnetic film, and a magnetic pole which is mentioned 
later is unsuitable thru/or inadequate as a means to prevent elimination after record caused by single 
domain-ization for which it comes from becoming narrow. Furthermore, the example of the thin film 
magnetic head using the magnetic layer which also becomes the patent reference 6 from multilayers 
is indicated. However, this indicates the technique which fixes a magnetic domain in order to control 
the noise accompanying the magnetic-domain structural change at the time of the playback actuation 
seen in the ring type thin film magnetic head used for the record within a field. Therefore, it is clear 
that a configuration is also unsuitable unlike a means to control the residual magnetization of the 
magnetic pole point at the time of record. 
[0021] 

Moreover, it is premised on nickel-Fe, the Fe-nickel alloy, and the ingredient with which 
comparatively good soft magnetic characteristics are obtained like Fe in the above-mentioned 
indication, and it is thought that it is unsuitable as a combination with an ingredient exceeding 2.2T 
of high Bs like the Fe-Co alloy which is needed towards future narrow-track-izing. 
[0022] 

[Patent reference 1] 
JP,2001-291212,A 
[Patent reference 2] 
JP,2002-324303,A 
[Patent reference 3] 
JP,5-54320,A 
[Patent reference 4] 
JP,6-195636,A 
[Patent reference 5] 
JP,7-135111,A 
[Patent reference 6] 
JP,3-49008,A 
[Nonpatent literature 1] 

IEEE Transactions on Magnetics, Vol. MAG-20, No.5, September 1984, pp. 657-662, 
"Perpendicular Magnetic Recording-Evolution and Future" 
[Nonpatent literature 2] 

IEEE Transactions on Magnetics, Vol. MAG-32,No.l, January 1996, pp.97- 102, "Challenges 
in the Practical Implementation of Perpendicular Magnetic Recording" 
[Nonpatent literature 3] 

The 198th. Meeting of The Electrochemical Meeting of Society Abstracts No. 582 
[0023] 

[Problem(s) to be Solved by the Invention] 

In the thin film magnetic head for vertical magnetic recordings for realizing high recording density 
exceeding 100 Gb/in2, in order to write a sharp bit in the magnetic-recording medium of high 
coercive force of 5 or more kOes, it is necessary to generate the strong field which exceeds 1 0kOe(s) 
from a narrow magnetic pole with a width of face of 200nm or less. 
[0024] 

Drawing 2 is as a result of [ of having searched for the record field distribution which a single 
magnetic pole mold record component generates at a recording track core with the three-dimension 
finite element method ] count. Magnetic pole width of face was set to 150nm considered to be the 
need by 140 Gb/in2. Four curves correspond, respectively, when Bs(es) are 2.4T, 2.2T, 2.0T, and 
1.6T. 
[0025] 

In order to generate the record field which exceeds 1 0kOe(s) from this result with the record 
component of the narrow track corresponding to the high recording density exceeding 100 Gb/in2, it 
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turns out that it is indispensable to use for a magnetic pole point the ferromagnetic alloy mainly 

concerned with Fe-Co with high Bs beyond 2.2T. 

[0026] 

Drawing 3 is the result of evaluating the output change when producing the thin film magnetic head 
for vertical recording of a large number from which record magnetic pole width of face differs using 
such a high Bs ingredient, and repeating 100 record playback actuation as an index of extent of 
elimination after record. The axis of abscissa expresses the magnetic pole width of face of each head 
for the output rate of change to which the axis of ordinate standardized the above-mentioned output 
change with the average output to which it lets 100 times pass. Only magnetic pole width of face 
differs between each head, and other parameters are fixed. 
[0027] 

It is clear from this result that elimination after record hardly occurs [ magnetic pole width of face ] 
with a head 200nm or more, but extent of elimination after record increases rapidly by the bordering 
on 200nm narrow track side. In addition, less than 10% of output change seen by magnetic pole 
width of face of 200nm or more is check ending about most being fluctuation of own sensibility of a 
playback component. 
[0028] 

It has been thought that elimination after record originates in the high recording efficiency by the 
combination of a single magnetic pole mold record component and the keeper layer by the side of a 
medium conventionally, since [ namely, ] an anti-field usually arises on the medium opposite side 
front face of a magnetic pole ~ a record component — although it is hard to generate residual 
magnetization if independent, it is the mechanism of the anti-field in a magnetic pole being mitigated 
in a magnetic-flux keeper layer existing, and becoming easy to produce residual magnetization. 
[0029] 

By the result of drawing 2 , frequency is increasing to this by the narrow track side with which 
recording efficiency falls clearly. Therefore, it turns out that elimination after record by which the 
elimination phenomenon after record at this time is indicated in the above-mentioned example of a 
citation is the different mode, and is a completely different thing as physical development which has 
occurred within the record component. 
[0030] 

Magnetization of a ferromagnetic can be considered to be the aggregate of the minute magnetic 
moment called spin. These spin is always interacting so that the sense of the vector of the moment 
may be equal to an one direction with an interaction called switched connection. However, in the 
ferromagnetic processed into the magnitude of finite, in order to prevent static magnetism-energy 
increasing by the magnetic pole generated in the periphery section, being divided into the small field 
to which magnetization is called a uniform magnetic domain only in each interior is known. 
[0031] 

There is no need that magnetization of a different magnetic domain at this time turns to the not 
necessarily same direction, and arrangement which becomes the structure which magnetization 
closed as a whole is taken. The magnetic domain wall which is the boundary of this magnetic 
domain has limited width of face. Although the magnitude changes with the classes and gestalten of 
the magnetic substance since it is decided by contention of static magnetism-energy and the switched 
connection energy by adjacent spin not gathering, it becomes dozens to hundreds of nm order in the 
ferromagnetic mainly concerned with Fe known well, Co, etc. Therefore, when the scale of the 
magnetic substance becomes small at hundreds of nm or less, it is in the inclination which cannot 
make a magnetic domain wall in the interior, but becomes reverse with a single magnetic domain (it 
single-domain-izes) . 
[0032] 

Drawing 4 is the result of searching for the magnetization condition of a magnetic pole point by 
simulation, and calculating residual magnetization. The axis of ordinate expresses the leakage field 
by residual magnetization, and an axis of abscissa is magnetic pole width of face. This result also 
shows that a residual field increases rapidly by setting magnetic pole width of face to 200nm or less. 
[0033] 

Drawing 5 is the mimetic diagram of the magnetization condition of the magnetic pole point required 
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in the above-mentioned simulation. The arrow head 55 in drawing expresses the direction of 
magnetization. Although magnetization has taken the so-called closure domain structure when 
magnetic pole width of face is 300nm and the large magnetic pole 51 (a), by lOOnm and the narrow 
magnetic pole 52 (b), magnetic pole width of face is a single domain mostly, therefore is understood 
that the big residual field has occurred. 
[0034] 

When the magnetization condition in the medium opposed face of magnetic pole width of face of 
300nm and a 120nm record component was observed with the spin polarization scanning electron 
microscope (spin SEM), and magnetic pole width of face was as wide as 300nm too, it actually 
turned out that magnetization has single-domain-ized almost to being divided into many magnetic 
domains which turned to various directions when magnetic pole width of face is as small as 120nm. 
From these results, the rapid increment in elimination after record by magnetic pole width of face of 
200nm or less observed in drawing 3 is concluded to be what is depended on single domain-ization 
of a main pole point. 
[0035] 

Thus, in the magnetic pole of small size, since the inclination magnetization carries out [ the 
inclination ] entropy is strong, it is easy to generate residual magnetization, and there is a danger that 
elimination after record will occur frequently during equipment actuation. In addition, residual 
magnetization ****** can become the factor in which it also induces elimination after record that 
soft magnetic characteristics are generally inferior to a magnetization curve in an ingredient of high 
Bs like the above-mentioned Fe-Co alloy as compared with typical soft magnetic materials, such as 
nickel80Fe20, i.e., a big hysteresis often appears by distribution of a crystal magnetic anisotropy, 
and that it is the ingredient which has a big magnetostriction constant by forward. It is because it 
means that residual magnetization in case there is no excitation is large and having the magnetic 
anisotropy by which induction was carried out in the direction perpendicular to a medium opposed 
face is known for the effectiveness of different direction-[ an ingredient forward in a 
magnetostriction constant ] stress in the thin film magnetic head on the other hand, if this has the 
large hysteresis of a soft magnetic material (generally called a reverse magnetostrictive effect.). It is 
nonpatent literature 3 reference as an example. 
[0036] 

Therefore, we are anxious about elimination after the record in which the effectiveness of single- 
domain[ which the crystal magnetic anisotropy of a direction perpendicular to a medium opposed 
face became strong in addition to that magnetization tends (magnetic shape anisotropy) to turn / 
that / to the direction of a major axis by being a configuration / be / from the first / square pole-like / 
a main pole point / long and slender /, and carried out point ** ]-izing originates in the residual 
magnetization for a magnetic pole point conjointly becoming easier to take place. Therefore, even if 
the residual magnetization of a direction perpendicular to a medium opposed face occurs, a 
configuration to which a residual field is not impressed substantially will be needed for a magnetic- 
recording medium. 
[0037] 

[Means for Solving the Problem] 

this invention person etc. found out that the magnetic substance took closure domain structure also in 
the magnetic pole of very small size, and residual magnetization was controlled in the recording head 
of the vertical-magnetic-recording thin film magnetic head by optimizing the lamination of the 
magnetic multilayers which can cut effectively the exchange interaction in the magnetic substance 
which caused single-domain-izing, and the combination of an ingredient. 
[0038] 

In order to solve an above-mentioned problem, namely, the vertical-magnetic-recording thin film 
magnetic head and the magnetic disk drive concerning this invention In the thin film magnetic head 
for vertical magnetic recordings which has a recording head equipped with a coil the conductor for 
exciting the return path, said main pole, and said return path for supplying magnetic flux to the main 
pole and said main pole — The magnetic pole width of face of said main pole is 200nm or less, said 
high saturation-magnetic-flux-density layer contains a Fe-Co alloy, and the sense of magnetization 
of said high saturation-magnetic-flux-density layer of the pair which counters through said 
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hyposaturation flux density layer is characterized by carrying out the anti-parallel array in said 
magnetic multilayers. In addition, it is careful of hyposaturation flux density being a concept also 
including nonmagnetic [ so-called ] here. 
[0039] 

Moreover, it has the magnetic multilayers of a high saturation-magnetic-flux-density layer and a 
hyposaturation flux density layer, the range of the thickness of said hyposaturation flux density layer 
is 0.5nm or more and 5nm or less, and, as for said main pole, it is desirable that the thickness of said 
high saturation-magnetic-flux-density layer is lOnm or more 50nm or less. 
[0040] 

Since according to invention the magnetic multilayers contained in the main pole take closure 
domain structure and residual magnetization is controlled, the vertical-magnetic-recording thin film 
magnetic head and the magnetic disk drive by which elimination after record was prevented can be 
offered. 
[0041] 

[Embodiment of the Invention] 

the conductor for exciting a return path, said main pole, and said return path for the thin film 
magnetic head for vertical recording which applied this invention supplying magnetic flux to the 
main pole and said main pole at least — it has a coil. And the magnetic pole width of face of the main 
pole is 200nm or less, the main pole has the magnetic multilayers of a high saturation-magnetic-flux- 
density layer (high Bs layer) and a hyposaturation flux density layer (low Bs layer), and a high 
saturation-magnetic- flux-density layer is characterized by containing a Fe-Co alloy. 
[0042] ~ * . 

And the range of the thickness of a hyposaturation flux density layer is 0.5nm or more and 5nm or 
less, and when the thickness of a high saturation-magnetic-flux-density layer controls with lOnm or 
more 50nm or less, in magnetic multilayers, the sense of magnetization of said high saturation- 
magnetic-flux-density layer of the pair which counters through said hyposaturation flux density layer 
becomes what carried out the anti-parallel array. 
[0043] 

It is desirable that they are four or more layers, and if the thickness of each high Bs layer considers 
the number of layers of a high Bs layer as the configuration which is not fixed, it is more effective. 
As for the number of layers of a high Bs layer, ten or more layers, then more perfect effectiveness 
are acquired. 
[0044] 

The ferromagnetic which raised soft magnetic characteristics more can be used for a high Bs layer by 
adding 10 or less % of alloying element. At this time, if said quantity Bs layer has body-centered 
cubic lattice structure, it will become possible to reconcile high Bs beyond 2.2T, and better soft 
magnetic characteristics of it. 
[0045] 

In addition, the laminating of the magnetic multilayers which consist of a high Bs layer and a low Bs 
layer is carried out in the direction parallel to a perpendicular flat surface to the medium opposed 
face of the main pole. 
[0046] 

Moreover, too, it is less than [ 2.2T ], as for Bs of said low Bs layer from a viewpoint of soft 
magnetic characteristics thru/or a non-magnetic layer, it is desirable to have face-centered cubic 
lattice structure as the crystal structure, and nickel-Cr, nickel-Fe, nickel-Fe-Cr, Ta, etc. are suitable 
for it as an ingredient. 
[0047] 

Since said main pole needs to generate a high record field for the magnetic-recording medium of 
high coercive force to be magnetizable enough, it is desirable that said low Bs layer thru/or non- 
magnetic layer is 5nm or less as a thickness configuration of magnetic multilayers, said quantity Bs 
layer is 50nm or less, or it is these both combination. Furthermore, more perfect effectiveness will be 
acquired if said quantity Bs layer is 20nm or less. 
[0048] 

As a means to form the main pole which consists of the above magnetic multilayers, the combination 
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of the deposition process by sputtering and the etching process by ion milling is the optimal. 
[0049] . 

The return path of said record component is using the monolayer or the multilayer soft magnetism 
film with which Bs's consists of a small ingredient below 2.2T, and can realize stable record 
actuation at the optimal effectiveness. 
[0050] 

By applying the above configurations in two or more independent or combination, residual 
magnetization becomes possible [ supplying cheaply the hardly generated thin film magnetic head 
for vertical recording of high reliance ]. 
[0051] 

Moreover, implementation of offer of large capacity, high performance, and a cheap magnetic disk 
drive is attained by combining such the thin film magnetic head with the magnetic-recording 
medium equipped with the magnetic-flux keeper layer. Since there is effectiveness which controls 
the residual magnetization of the record component main pole in that case when a magnetic-flux 
keeper layer is made a multilayer configuration, the dependability of equipment can be raised more. 
[0052] 

In addition, the attempt which raises attainment recording density further is actively performed in 
recent years by giving the component of field inboard intentionally to the magnetic anisotropy and 
record field of a medium recording layer. However, also in such a method, since the vertical 
component is still more dominant than the component within a field, the record field is usually 
classified into the vertical recording method. Moreover, the field component within a field is added 
to a record field with devising gestalten, such as a submagnetic pole, or the record component of the 
structure which has improved record field inclination is examined, and since the fundamental 
function to magnetize a medium by the field which comes out of the medium opposed face side of 
the main pole does not change, these may also be called thin film magnetic head for vertical 
recording. Therefore, even if it applies this invention to these magnetic-recording systems thru/or a 
record component, it is effective. 
[0053] 

Hereafter, the thin film magnetic head for vertical recording and the magnetic disk drive which 

applied this invention are explained to a detail with reference to a drawing. 

[0054] 

In the ambient atmosphere of a 6mm toll, to the base in which the structure beforehand required for a 
ceramic substrate was formed, the magnetic multilayers (magnetic multilayers) which constitute the 
main pole of this invention carried out sequential deposition, and produced the ingredient which 
constitutes a magnetic pole from .Ar ** 1 produced as follows with the RF magnetron sputtering 
system. As a sputtering target, Fe-Co, nickel-Cr, nickel-Fe-Cr, Ta and aluminum, aluminum-O, Si, 
and Si-O were used. The cascade screen impressed high-frequency power to the cathode which has 
arranged each target respectively, generated the plasma in equipment, opened and closed every one 
shutter arranged at each cathode, and formed each class one by one. 
[0055] 

At the time of film formation, the field was impressed in parallel with a substrate side using the 
permanent magnet, and the uniaxial-crystal magnetic anisotropy was given, a series of processes that 
formation of the component on a base includes the process which exposes and develops a 
photoresist, and an ion milling process — patterning was carried out. Finally, the base was machined 
to the slider and carried in the magnetic disk drive combining the suspension made from stainless 
steel. 
[0056] 
[Example 1] 

Drawing 6 is the sectional view showing the configuration of the magnetic multilayers used for the 
first example of this invention. On a base 61, the high Bs layer 63 and a non-magnetic layer 64 
deposit by turns through the substrate film 62, and, finally it is covered with the protective layer 65. 
The high Bs layer 63 is Fe70Co30 with body-centered cubic lattice structure, and the substrate film 
62 and a non-magnetic layer 64 are nickel80Cr(s)20 which all have face-centered cubic lattice 
structure (3nm of thickness). In addition, drawing 6 expresses the magnetic multilayers seen from the 
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medium opposed face. 
[0057] 

Since it is made to be 200nm in total, the thickness of the high Bs layer 63 is 25nm per layer in the 
example of drawing 6 . Moreover, a low Bs layer is a nickel-Cr alloy, and thickness could be 3nm. 
When the magnetization curve was measured, the direction of an easy axis and the direction of a 
hard axis of coercive force were big values in forward [ anisotropy field / Hk / less than 4 Oes and / 
+5x10-6 and forward ] in 10 or less Oes and a magnetostriction constant. Bs of the high Bs layer 63 
is 2.4, and is in agreement with Bs predicted from the phase diagram of the Fe-Co-nickel the alloy of 
3 yuan shown in drawing 7 . 
[0058] 

In addition, since Bs of the high Bs layer 63 is more than 2.2T in all the examples described below 
including this example, what is necessary is just the presentation of the part 71 which was 
surrounded on the boundary of 2.2T on the phase diagram of drawing 7 in the case of the Fe-Co- 
nickel alloy. In the presentation expressed with 100-gammaMgamma (however M being B, Ti, Nb, 
aluminum, aluminum-O, Si, and Si-O 0<=gamma<=15) on the other hand (FealphaCobeta), in order 
for Bs as a 3 yuan alloy including Additive M to be more than 2.2T, it is desirable that it is the 
presentation equivalent to the part by which FealphaCobeta was surrounded in drawing 7 on the 
boundary of 2.4T. 
[0059] 

Moreover, although the high Bs layer 63 showed the example of four layers in drawing 6 , we 
produced the head to which the number of layers was changed to one to 25 layers here. 
[0060] 

(1) resist spreading from these magnetic multilayers — pass a wafer process and slider processing 
process including a - BEKU process (2) exposure process (3) development process (4) ion-milling 
process — drawing 8 showed the formed thin film magnetic head. Here, although referred to as 
150nm, if it is 200nm or less in magnetic pole width of face, as for the magnetic pole width of face 
in the medium opposed face of the main pole 13, it turns out that the same result is completely 
obtained. Although York 14, the return path 15, and the submagnetic pole 16 consisted of a 
ferromagnetic ingredient mainly all concerned with the ** nickel-Fe alloy, since nickel presentation 
was made into 80% or more, Bs is less than [ IT ] and the magnetostriction constant showed the 
negative value. Thus, it has the inclination stabilized by using a negative magnetostriction ingredient 
according to the reverse magnetostrictive effect which carried out point ** in the direction where 
magnetization of York section 14, return path 15, and the submagnetic pole 16 is parallel to a 
medium opposed face, and it became possible to avoid problems resulting from magnetization 
conditions other than a magnetic pole point, such as a residual field and instability. 
[0061] 

Although the playback component is omitted here, it is possible to combine with the playback 
component of all the principle and structures containing the current mold giant magneto-resistance 
(CIP-GMR) component within a field, a perpendicular current mold huge magnetic-reluctance (CPP- 
GMR) component, and a tunnel magnetic-reluctance (TMR or MTJ) component also including all 
the following examples. 
[0062] 

Drawing 9 shows the count result performed in order to ask for the optimal lamination, before 
producing a head. As point ** was carried out, since a magnetostriction constant is usually forward, 
the high Bs ingredient exceeding 2.2T has the inclination for magnetization to become easy to turn to 
a medium opposed face according to a reverse magnetostrictive effect. Therefore, even if the 
magnetization 101 of each high Bs layer 63 turns to a medium opposed face, it must be made for a 
residual field 102 to have to become sufficiently low in designing a film configuration. 
[0063] 

The advantage when multilayering is that the magnetization 101 of each high Bs layer carries out an 
anti-parallel array as shown in drawing 9 (a). Therefore, a residual field 102 becomes by flowing 
back by the magnetic pole side that it is hard to be impressed by the medium. Drawing 9 (b) is the 
result of calculating the number-of-layers dependency of a residual field on the assumption that this 
anti-parallel array. As shown all over drawing, when this field considers that it must be smaller than 
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medium coercive force, a number of layers is understood that at least four or more layers are 

required. 

[0064] 

In this way, the result in which the produced head for vertical recording carried out characterization 
was shown in drawing 10 . Drawing 10 (a) is the lamination dependency of output rate of change. 
Drawing 10 (b) is the lamination dependency of an over-writing elimination ratio. It turns out that 
output rate of change improves sharply by four or more layers so that the count result of drawing 9 
may be supported. Furthermore, in ten or more layers, output rate of change is fixed at 10% or less. 
Since it is fluctuation of own sensibility of a playback component as point ** of 10% or less of the 
output fluctuation was carried out, by ten or more layers, it is thought that elimination after record 
was inhibited nearly completely. 
[0065] 

Although relative frequency distribution of output rate of change was shown in drawing 1 1 about the 
group of the head of the number of each class, to be sure by ten layers, it can check that all heads 
have 10% or less of output rate of change. On the other hand, when drawing 10 (b) was seen, an 
over-writing elimination ratio began to deteriorate in 20 or more layers, and the result of being less 
than 30dB generally needed was obtained in 25 layers. This is for the rate of the volume which a 
non-magnetic layer occupies by the whole magnetic pole increasing, if a number of layers is 
increased too much, and causing the fall of a record field. 
[0066] 

Four or more layers of number of layerses of a high Bs layer are required, and the result of this 
example showed that the more perfect effectiveness in ten or more layers was acquired. This is 
equivalent to 50nm or less of thickness of each high Bs layer being 20nm or less still more desirably. 
On the other hand, lOnm or more of the field of the record engine performance to number of layerses 
is required for 20 or less layers and thickness. 
[0067] 

In addition, it is required to be that it is smaller than Bs of a high Bs layer at least (less than [ i.e., ] 
2.2) and a desirable ingredient not more than 2.0T with a small crystal MAG magnetic anisotropy 
etc. as the non-magnetic layer 63 which is a low Bs layer for separating a high Bs layer, and a 
substrate layer 62. Although the nickel-Cr alloy generally made nonmagnetic at a room temperature 
was used here, the equivalent result was able to be obtained when non-magnetic materials, such as a 
low Bs ingredient containing magnetic elements, such as nickel-Fe, and Ta, nickel-Fe-Cr, were 
contained, and the crystal structure was face centered cubic structure. Moreover, when consisting of 
an ingredient which is different also when the substrate layer 62 and an interlayer 63 consist of the 
same ingredient, and it chooses from the above-mentioned ingredient group, the similarly good result 
is obtained. 
[0068] 

Various configurations examined thickness of a low Bs layer. It turned out that 0.5nm or more is 
required in order to first prevent ferromagnetic-like association between high [ by membranous 
surface smoothness / each / Bs ] (generally called the orange peel effectiveness). Next, although it is 
about an upper limit, drawing 12 shows the result of having surveyed the over- writing elimination 
ratio at the time of changing the thickness of the low Bs layer 63 in 0.5 to lOnm. This result shows 
that the recording characteristic has deteriorated sharply, when the low Bs layer 63 exceeds 5nm. 
Since the rate of the low Bs layer occupied to the main pole increased, this produces the same 
effectiveness, and since the record field fell, it is considered as the whole Bs fell substantially. 
[0069] 

Drawing 13 indicates the conceptual diagram of a magnetic disk drive which carried the magnetic- 
recording medium which has a magnetic-flux keeper layer to be the head produced in the first 
example of the above. The slider 121 in which the thin film magnetic head was formed is supported 
by the suspension arm 122, is positioned on a disk 124 according to the positioning device 123, and 
write information in a desired location. [ reading and ] As for the disk 124, rotation is controlled by 
the spindle motor 125. On the disk 124, the signal (servo signal) which shows a location beforehand 
is recorded, and the closed loop control is performed by feeding back to the positioning device 123, 
after processing the servo signal which the head read in the device control circuit 130. 
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[0070] 

It is orthopedically encoded and operated by the suitable approach for a magnetic-recording system 
in a data sign and a record circuit 128, the user data containing through the external interface 127 are 
changed into a record current wave form, and a bit is written in a medium by exciting a record 
component. Conversely, it is changed into an electric signal on a playback component sensing the 
leakage field which comes out of the written-in bit, and user data are reproduced through waveform- 
shaping / decryption processing by the suitable approach for a magnetic-recording system by data 
playback and the decoder circuit 129. Thus, as a result of using the thin film magnetic head which 
applied this invention to the magnetic disk drive which operates, the actuation stabilized without 
starting the abnormalities by elimination after record etc. was realizable. Thereby, the magnetic disk 
drive of large capacity and high-reliability can be cheaply offered now. 
[0071] 

In addition, when distance of a thickness center to center was set to D and distance of the main pole 
point at the time of equipment actuation and a magnetic- flux keeper layer was set to H, it turned out 
that it excels especially in dependability D<=2xH, then over a long period of time so that magnetic 
flux may flow back effectively between the high Bs layers of the main pole in a residual 
magnetization condition. 
[0072] 

In the magnetic-recording medium which was used until now and which has a magnetic-flux keeper 
layer, the configuration of a magnetic- flux keeper layer consisted of a ferromagnetic layer of a 
monolayer, as shown in drawing 1 R> 1, but in order to realize more stable actuation of a magnetic 
disk drive, and high dependability, it is effective to constitute a magnetic disk drive combining the 
thin film magnetic head which applied the magnetic-recording medium which considered the 
magnetic-flux keeper layer as the multilayer configuration, and this invention. 
[0073] 

Drawing 14 is the sectional view showing the example of a configuration of the improved magnetic- 
flux keeper layer. Drawing 14 (a) is a magnetic-recording medium with the configuration which 
divided the ferromagnetic layer 132 in the non-magnetic-material layer 133 in the magnetic-flux 
keeper layer 19 constituted on the substrate 130 first. Elimination after record could be completely 
controlled by 6 or more lamination with few high Bs number of layerses of the main pole by 
combining the thin film magnetic head of the above-mentioned example with the magnetic-recording 
medium made such a configuration, and the magnetic disk drive which carried these was also found 
by operating to stability. Furthermore, since antiferromagnetism-association arose to ferromagnetic 
layer 133 up-and-down comrades by choosing the alloy ingredient which mainly contains Ru, Cr, Ir, 
or Rh as a non-magnetic layer 133 and the stability of the magnetization condition in a magnetic-flux 
keeper layer improved, even when there were few high Bs number of layerses of the main pole as six 
layers, elimination after record was able to be controlled completely. 
[0074] 

Next, drawing 14 (b) inserts the antiferromagnetic substance layer 135 in lamination equivalent to 
drawing 14 (a). The good result was obtained when IrMn, FeMn, PtMn, CrMnPt, NiO, etc. were 
chosen as an antiferromagnetic substance ingredient. In addition, although drawing 14 (a) and (b) 
considered the ferromagnetic layer 132 as the two-layer configuration, the good result even with the 
equivalent range of three to five layers was obtained. Moreover, when the thickness of the 
ferromagnetic layer 132 was lOOnm or less, the improvement effect by keeper layer multilayering 
was seen notably. 
[0075] 

The magnetic-recording medium which has the magnetic-flux keeper layer in which more than has 
been improved, and the magnetic disk drive which was excellent in dependability combining the thin 
film magnetic head which applied this invention were realizable. 
[0076] 
[Example 2] 

In an example 1, although the high Bs layer of the main pole was respectively made into the same 
thickness in the range (generally about **5%) of dispersion at the time of membrane formation, the 
further improvement is expectable by considering as the configuration of intentionally different 
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thickness. 
[0077] 

Drawing 15 is the sectional view showing the example of such a configuration. Here, 20% of 
thickness difference is established between the first high Bs layer (base side to odd-numbered high 
Bs layer) 63, and second high Bs layer (base side to even-numbered high Bs layer) 63', and it is 
considering as the configuration which carries out the laminating of these by turns. Since the same 
magnetization condition was always realized by carrying out like this when each high Bs layer 
carries out static magnetism association in a residual magnetization condition, in order [ which it 
says is 1010 times ] to push it as record actuation of several others very much and to always show 
the same property, it turned out that the stability of a magnetic disk drive of operation improves. 
[0078] 
[Example 3] 

The 2nd example of a configuration of that the thickness of the high Bs layer of the main pole differs 
for every layer was shown in drawing 16 . Here, it has composition which made small thickness of 
the side the closest to a base, and furthest from a base among two or more high Bs layers. It turned 
out that it is lost that the feeble residual field by these two layers having a quantity Bs layer only in 
one side is impressed to a medium by carrying out like this, and good record reproducing 
characteristics are acquired, without spoiling the stability over the long period of time of the bit 
recorded on the magnetic-recording medium. 
[0079] 

All the structures of a record component were the structures of drawing 8 in the old example. What 
is described below is the gestalt of the operation which applied this invention to the thin film 
magnetic head which has structures other than drawing 8 . 
[0080] 
[Example 4] 

Drawing 17 is the perspective view of the record component made the configuration which omits 
York 14 in drawing 8 and connects the pattern of the main pole point 13 to the direct return path 15. 
Although all combination stated by the above-mentioned example 1 thru/or 3 was carried out as 
lamination of the main pole point 13, the same result was completely obtained. In addition, in this 
example, since the process which forms a record component was shortened sharply, it became 
possible to offer high performance and the thin film magnetic head of high reliance by low cost 
more. 
[0081] 
[Example 5] 

Drawing 18 is the sectional view of the thin film magnetic head which applied this invention. It has 
the structure where the main pole taper section 179 contacts by the main pole point 13 and the film 
surface. The main pole taper section 179 is a configuration on the wedge which the size of the 
direction of thickness narrow-izes as it approaches the medium opposed face 177, and the ingredient 
uses the ferromagnetic alloy which mainly contains Co-nickel-Fe which has Bs [ lower than the main 
pole point 13 ] higher than York 14, and Fe-nickel here. 
[0082] 

It was expected by making it such a configuration that it increased [ record ] about 30%, and the high 
over- writing elimination ratio 35dB or more was obtained also to the magnetic-recording medium by 
which the coercive force of a recording layer actually exceeds 6kOe(s). Therefore, surface recording 
density was able to be raised about 30% also by the same magnetic pole width of face. 
[0083] 

In addition, although York 14 is joined in respect of the base side of this main pole taper section 179, 
it is arranging the main pole point 13 and the main pole taper section 179 from York 14 to a base 
side, and it is clear that a result with York 14 and the main pole point 13 completely same also as a 
configuration which contacts directly is obtained. 
[0084] 
[Example 6] 

Drawing 19 is the sectional view of the thin film magnetic head which applied this invention. The 
main pole point 13 was located in the base side rather than the submagnetic pole 16, and the 
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auxiliary magnetic pole point 181 is extended towards the main pole point 13 in the medium opposed 
face 177 from the submagnetic pole 13. It is expected that this submagnetic pole point 181 will make 
steeper the inclination by the side of trailing of the field generated from the main pole point 13 (a 
base and opposite side). ****** — the signal considered to be dependent on record field inclination 
by having made it the configuration — resolution improved 15%. Therefore, it became possible to 
offer the thin film magnetic head of the stability which can realize higher recording density, and 
high-reliability. 
[0085] 

In addition, effectiveness of this invention is not reduced in respect of stability and dependability at 
least as a configuration which removed the submagnetic pole point 181 from the configuration of 
drawing 19 temporarily. 
[0086] 
[Example 7] 

Drawing 20 is an example of data which evaluated the stability of record actuation in the magnetic 
disk drive which carried the single magnetic pole mold thin film magnetic head which used the 
multilayer main pole which applied this invention. 
[0087] 

When overshoot of a record current was set to drawing 20 (a) to 130%, the case where it set up to 
70% as well as drawing 20 (b) was shown. In addition, it is the thing of an index expressed as /(Ip- 
In) InxlOO using the peak current value Ip indicated to be overshoot to drawing 21 with the record 
current wave form here, and the current value In of a flat part. 
[0088] 

According to drawing 20 , in spite of making the magnetic pole into the multilayer in (a) which made 
overshoot size, fluctuation of a recording level is remarkable, and it turns out that elimination after 
record is occurring frequently. In (b) which suppressed overshoot small on the other hand, it turned 
out that elimination after record has not occurred at all. 
[0089] 

Generally, although set up in the circuit system 127 of a magnetic disk drive, since the values of 
overshoot are the record engine performance in a high frequency, and an index concerned closely, 
finally they must consider and opt for the engine performance of not only a head but a medium 
property, or the whole equipment. For this reason, the thin film magnetic head of this invention 
application which permits the overshoot value of the as large range as possible is indispensable also 
in order to be compatible in the engine performance and dependability of a magnetic disk drive. 
[0090] 

The output range of fluctuation at the time of changing an overshoot value to drawing 22 was shown. 
This output range of fluctuation expresses extent of elimination after record that point ** was carried 
out. The example using the thin film magnetic head which has the magnetic pole of a monolayer for 
reference was also shown in coincidence. As this drawing shows, when the multilayer magnetic pole 
of this invention is used, in the case of the monolayer in this example, it turns out to always big 
elimination after record having occurred except for the case of very small overshoot that elimination 
after record is effectively controlled for overshoot in 100% or less of range. Then, the overshoot 
dependency of the nonlinear bit shift which is an important index showing the engine performance of 
a magnetic-recording system, as a result the whole magnetic disk drive was shown in drawing 23 . 
[0091] 

It turns out that overshoot is required 50% or more irrespective of whether a magnetic pole is a 
monolayer or it is a multilayer. Although the threshold of 50% in this case was influenced by the 
property of the medium engine performance or a record current transmission line, it became clear 
that this invention is effective in being compatible in control of elimination after record and control 
of a nonlinear bit shift at least. 
[0092] 

Since there is close relation to the stability of the overshoot which is the important element which 
opts for the engine performance of a magnetic disk drive, and record actuation and it is compatible in 
the engine performance and dependability of equipment from this example, it can be said that 
application of this invention is indispensable. In addition, although the configurations (a number of 
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layers, an ingredient, thickness, etc.) of a magnetic pole were changed variously, when it was within 

the limits of this invention, the almost equivalent result was able to be obtained. 

[0093] 

[Effect of the Invention] 

According to this invention, elimination after record can be controlled effectively, securing a 
sufficiently big record field also with a narrow track with a magnetic pole width of face 
[ corresponding to the high recording density exceeding 100 Gb/in2 ] of 200nm or less, and it is 
possible to supply cheaply high performance and the thin film magnetic head for vertical recording 
of high reliance. Moreover, supply of the magnetic disk drive of high reliance is attained by 
combining the thin film magnetic head for vertical recording of a vertical-magnetic-recording 
medium and this invention which has a magnetic-flux keeper layer. 
[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing arrangement of the bit recorded as the magnetic- 
recording medium which has the typical configuration, especially magnetic-flux keeper layer of 
vertical magnetic recording, and the thin film magnetic head. 

[Drawing 2] The main pole ingredient Bs dependency of the record field distribution by the thin film 
magnetic head. 

[Drawing 3] The record magnetic pole width-of-face dependency of output rate of change. 
[Drawing 4] The magnetic pole width-of-face dependency of a residual field. 

[Drawing 5] The mimetic diagram of the magnetization condition at the tip of a magnetic pole in the 
case of being the case where magnetic pole width of face is 300nm (a), and lOOnm (b). 
[Drawing 6] The **** Fig. of the thin film magnetic-head magnetic pole point which is the first 
example of this invention. 

[Drawing 7] The phase diagram about Bs of a Co-nickel-Fe system the alloy of 3 yuan. 

[Drawing 8] The perspective view showing the whole record component structure which is the first 

example of this invention. 

[Drawing 9] The magnetic pole point lamination dependency of a residual field. 

[Drawing 10] The magnetic pole point lamination dependency of output rate of change. 

[Drawing 11] Relative frequency distribution of the output rate of change in each group of the thin 

film magnetic head from which the lamination of a magnetic pole point differs. 

[Drawing 12] The property Fig. showing the relation between the thickness of a hyposaturation flux 

density layer, and an over- writing elimination ratio. 

[Drawing 13] The mimetic diagram of the magnetic disk drive which applied this invention. 
[Drawing 14] The sectional view of the magnetic-recording medium which has the improved 
magnetic-flux keeper layer used in the 1st example of this invention. 

[Drawing 15] The sectional view of the magnetic pole point in the 2nd example of this invention. 
[Drawing 16] The sectional view of the magnetic pole point in the 3rd example of this invention. 
[Drawing 17] The perspective view of the record component in the 4th example of this invention. 
[Drawing 18] The sectional view of the thin film magnetic head in the 5th example of this invention. 
[Drawing 19] The sectional view of the thin film magnetic head in the 6th example of this invention. 
[Drawing 20] The data characteristic Fig. which evaluated the stability of the record actuation in the 
7th example. 

[Drawing 21] The explanatory view of overshoot. 

[Drawing 22] The property Fig. showing the relation of the overshoot value and the output range of 
fluctuation in an example 7. 

[Drawing 23] The property Fig. showing the overshoot dependency of the nonlinear bit shift in an 
example 7. 

[Description of Notations] 

1 1 — Record component 12 — Playback component 13 — Main pole point 14 — York 15 — Return 
path 16 — Submagnetic pole 17 — Exiting coil 18 — Recording layer 19 — Magnetic-flux keeper 
layer 20 — Record magnetization, 55 — Magnetization of a main pole point 61 — A base-cum-a 
slider, 62 — Substrate film 63 — Quantity Bs layer 64 — A low Bs layer thru/or non-magnetic layer 
65 — Cap layer 71 — Presentation to which Bs becomes more than 2.2T with Co-Fe-nickel the alloy 
of 3 yuan 91 — The magnetization in the high Bs layer of a main pole point, 92 — Residual field 121 
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— the thin film magnetic head Carried slider 122 [ — A magnetic disk 125 / — A spindle motor 126 / - 

- The external interface of a magnetic disk drive, 127 / — Data coding and the Records Department, 
128 / — Data playback ] — A suspension arm, 123 — A head positioning device, 124 And the decode 
section, 129 — Device control-system circuit 131 — Substrate layer of a magnetic-recording medium 
132 [ — An antiferromagnetism layer, 172 / — Up shielding of a playback component / 173 — Lower 
shielding of a playback component, ] — The magnetic-flux keeper layer, 133 which were divided — 
The interlayer who divides a magnetic-flux keeper layer, 135 174 — Magneto-resistive effect 
component 177 — Medium opposed face of the thin film magnetic head 179 — Main pole taper 
section 181 — Submagnetic pole point. 

[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



El 




[Drawing 2] 




[Drawing 3] 
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«<kJiv>*?t9>4jl«E«|Z«atSri:oTV>4^ tt£<S#< 1 0 0 nmtM|5 2 (b) 

[0 0 3 4] 

a«|*i3 0 0 nrat 1 2 0 n m^ffi«*^<0»##faffi^<fc«*fc:lfcS** 
jfe^EW^ifflSfcifc Ut' s /SEM) "CH^tSi:, ^liDiW s 3 0 0 nmfc^il^: 
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JftMfJgfdu Fe-Co^mt4ik*«ftn, 
[0 0 4 2] 
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srsisbfcti*, «»*n«-fk$*#^iai, a-rtssiMtt^iRi 1 1 k a o e mx'm 

ffi&Hklt 1 0 O eJsJLT, a^5E&l4+5 x l 0" 6 h sEXjz^ %mx$>otz 0 MB si 
6 3 <7>B s (4 2 . 4 »K H7 fci^LfcF e — C o — N i 3 TG-^OfflEl^fc^illS *L 
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**»W*^i6TJ^T^aifc^*^ro^ifcf»!^^v»TflEB s»6 3<^>B sl4 2. 2 
TJ£Jl_k-C&&5^£>. F e -C o -N i ^&<DWs^m7 <Vffi @±-C2. 2 T (om^-XW* ft 
fzffi&7 1 tf>JS&fifc-C**U*J:v>o — # (F e . Co,) x o o - , M r (ffi LMliB, T 

i, Nb. A 1 , Al-O, Si, Si - 0 »9 O^y ^ 1 5) 2 tl2>ffi.&<7>m& 
> «i[liM^^^3 7n^i:Lr(7)Bs* s 2. 2 T Wlt^l, f4F e . Co, 

M7 fc&v^T 2. 4 Ta>4»#-^H* ^fcSU^t-ffl^l-ijasK-Cibiifcj&^i Lv»o 

[0 0 5 9] 

t tzm6 fc*3V»TfiftB si6 3 *«4 icOW^LT^S^ {4^ ^TJlSfeS: 1>^£> 
[0 0 6 0] 

zfLh<Dmfe&mmfrh, (d . ^-^ng (2) s^xfi (3) mmn: 

W. (4) >f * > 3 y > ^X*I, *^fr^x7ryotxi3j:^7^ ^2jPX:/n-tr j* 
T3^Jft«iLfc*Rai*;^^ K«r^Lfc*>J&«ia 8 ^-"e<4±a@l 3 0$H£*|-|6m 

-COfllfilCBUl 5 0 nrai LT*S^\ 2 0 0 n mJ^T<oa®i|ti-C^)ttf^ < I^^O^^ 
# s #£>tt& C t tffrfroX^Z><> 3-^14> V^->^15, OTJa^l 6 (4^ 
-f*L<t>f4N i -FeM^it Lfcaffitetm^&fc** 1 . N i 8 0 96JSLk£ LT 

v**«>-cb s fi 1T&T-C*«K »SBSia:liH©fl[^3SL*: 0 i <Z> <fc 9 fc*«3E*m*ffl 
v>*SFT? % ^jfcLfci£«318b*fc J: «93-*SBl4-«; 9-Vr*7> 1 5 • l&H 6 <V>M 
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y*)vm%mx (tmr & l < iimt j) m^^tri>h^^WM • m^^m^tm. 

[0 0 6 2] 

1 0 2 7^-hfr{£ < £ & <£ 1 KL%\ftltf%h%^o 
[0 0 6 3] 

^•a-fkL^t i<7?fij^tim 9 (a) «fc 9 i:#^B s^a-fk 1 0 lMfffE^J^ 

jit < < H9 (b) (i-^swee^i^Hirjit Lxn j gm&<Dm$k®L&&ztmL 

[0 0 6 4] 

LT^^LTtMitlE^^^ K<7>#t£fHffiL*:*S:££III 1 OH^Lrlio EI 1 0 (a) 

&o m9<vn%.&Wz*mttifz>£7K, mt>mtmt4m&±x±m^&wztix^2>z. 

b&frfr&o S £>K> 1 0^J^±T{im±»^k^7)U 0 %&Tt-SEt ^oTv^o 10 
[0 0 6 5] 

filmic 1 0g-etii-^-C<7)^y K**l 0 %&T<7>aj#^ffc$iK&oTV*& £ t**fltS"C* 
&o — 010 (b) *-/<-9>f h?S*Jtti2 0 * &±-C05ik Lt&fr, 2 

5S-Ctt-«fc#£fc 3*1* 3 0 dBfcTEIoTLS ? fc ^ o h titz* c\fHt, 

[0 0 6 6] 

2 0 nm^Tf4&ifci:fflSti. -^ISSttffiOiBd^eSfett 2 0S&T\ Biff fi 1 
0 nmJ^±<&g-C&&<> 

[0 0 6 7] 

£*5, i^B s»£#SH-*fci&OteB se-C*>i*«1SkJB6 3 *5 J: tTFitil* 6 2kLXii 
, 4?fc< fc >bKB sM<DB s <fc »?/h?v^i:-r^fo*, 2. 2*p, ilL< liftSAffiftffi 

S-e^attt ?^Ni-Cr #j8t*fllv»fc3&«, Ni-Fe^t t'vmikjtM&X*? tzi&B 
sM^Ta> N i - Fe-C r 4iTO#«tt#ft^iii4*#'e<>, jB&flfjttf*®^ 

ttm&x*$>tLimmv>&$k*&2>z. ttf-eztzo ttzrmme 2t4>wi6 3**rac*r 

[0 0 6 8] 

ffiB s 1^)1)1 1:^ Lfb ? I ?'l ^M-cM^f o fc, £ T RodTOISC <t B 
s W^^atifitliS^ (— iRK* k>v tf-^*fcl*f/*L*) *IWih-r*fc*»-»i0. 5 
nm^±^^-C*SCl b&tofrvito 2c»£±ffifcov*TT*>*5& s , mi 2litBsl6 3 
<?>mm*0. 5 nm^?. 1 0 nm<OfEl^k$^fcH^*-^-9^ hM*Jfc£*« 
Lfcfe***UTV>*. £OiBr*39»f>, *fi:B s^6 3t)*5 nm*S;L*l§#fct±fE«!WM4 
j&^Wfc^ffcLTV** £ ttffrfr&o c\tllt±m&K&ito2><&B smv>M&&mzLtztz 
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[0 0 6 9] 

mi 3 14, ±SB»-0*JS«lTf^«Ufc^y K£> »JK*-/*JB*#«a&ffi»aMfc* 

2 1 3 >T- A 12 2KJ: "9£#S*U 1 2 3CJ:0f^? 

1 2 4±-Ci£m^a6$*tTmM^^m-Ct»l&Oif*S§$r ; ff o. 7** X * 1 2 4 tt* fcT > 
H**-* 1 2 5 fc<fc *)®m&mmZfrr^2> 0 f^M2 4±JC|i*t>^D*ffiil* 

[0 0 7 0] 

o^iiM^f>f x^a££«Kjt#-r set <£ •? n^o/sto 

[0 0 7 1 ] 
[0 0 7 2] 

$) o 

[0 0 7 3] 

mi 4 i±&mzfrtcmM*~s*m<vMi&m*&:-tW'&®-?$>2>o t-rm 14 (a) m 

tctlf^i--&it* s t>^o^o 1 3 3 t LXR u, Cr. Ir. Rh«0V^f}l 

[0 0 7 4] 

^:ni4 (b) (4m 14 (a) t m&<r>mm&fcK&mtefem 1 3 5 *w\ 4>?>-e 

^StftMtLTIil rMn, FeMn, PtMn, CrMnPt, NiO£ 
^frM^Lfcfc^fc&frfcilMW^&frfco fc*sHl 4 (a) (b) ^^CMt^l 

5^at4#® 1 3 2 ORB?** 1 0 0 nm&T<*>»'frfc*w<JB^»'rbfc J: Z&iWZh&tfmM 

[0 0 7 5] 

[0 0 7 6 ] 
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mmm 2 ] 

m&ffll K£v>TJ±, ±«IOiB si(i«Olf f>o§©f£l (— tt«ncii± 5 96H 
s 0 

[0 0 7 7] 

[0 0 7 8] 

[**fcfll3] 

±»^B sI^M^iri: KSfc 2 OWI*EI 1 6 ^ Lfc 0 dCIT-te^ 

iSfcjasajfcMKttfcajJii $ *t* i t < 4 «9 , »&se«8MMisb»s at*: e ? h c^g 

[0 0 7 9 ] 

[0 0 8 0 ] 

4 ] 

LT. ±fE*ffifl!l fcv>L3^&^fc£TO|ft*#:bii:*£jfcLfca s , 4 o tc < |W|«I<7)*S 

*a s i§ e, n tz o t *l k m k. mm -e it i s»*^f * fm r & nm&jzm k. mm? ztztb 

[0 0 8 1 ] 

[*M^J 5 ] 

01 8 l**$&W&Mm LfcllS^J KO»f® 12 ia^-^g&l 7 9**±» 

fi^fc«ig5l 3 tiffitfintilC^oT^S, iit±l|r-/^l 7 9 14, 
2tlR]B 1 7 7 < K'&^mW-ljfaWJ X^/MtTS < $ V ! ±<D : J&VtX& *9 > 

»4±«M^fejggJl 3«t«3<>ffi<3-^14J:»?'bS5v>B8 W2»Co -Ni-Fe^F 
e-N i Sr±fc bf^trSiati^Srffl^Tv^o 
[0 0 8 2 ] 

$mt)tfS k 0 e *jex.*«»iaffilE'(*Jw*t LT<> 3 5 d B^Sv^-A-5^ hi 
*Jfc*«f§&:ltfco ta&oTraU«ffi(8T«>BSSE»*J9PS:j^3 0 %[6]_t;?« iH s t^:„ 
[0 0 8 3] 

SS&S&l 3*5 Jtteatt-y— 79*3-^i4J: «j3£#fl|^E1B-r* 1 1 3-? 
1 4 i: ±«ffi3fcSfiteB 1 3J&«S«filj!*-J-*«JSfcfc LT*>£:< l^tHOie^*«#f,*LS i t J±K 

[0 0 8 4] 
6 ] 

0 1 9li*#&W£jSfflLfcSIR«$C'^ K<^»f®H-C**« ±«ffi$teSHSBl 3f4HJfiB}gl 
6 J: «9 "b£#fflfcHfcffU *Jft»tt£sra 1 8 1 Wmtmfam 1 7 7J:*v>tIJiIl 3 

3 ^ M^-y dtk&tmttm) -e©45ffi*J: ^^jgMi-iit** 
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[0 0 8 5 ] 

£J3, 1KK0 1 9<^l£^ibglJi68M3teM$ 1 8 1 Srlfc'mWcliiJ&i: LT^, < t *> 
[0 0 8 6 ] 

[^ife'^fl 7 ] 

[0 0 8 7] 

020 (a) fcmimmn<D*-^-i/x.- i-z 1 3 0 %KmfcLtzm&, 020 (b) 

^{±[WIC< 7 0 %KfS;5eL*:l§'££^L*:o & £ ci i - ^- v ^ - Ftli, i2 It: 

mmmffifefz tti>K^: l/c tr - * 1 p £ x TO^^t^f 1 n £ ffi </> t ( i p 

-In) / InXl0 0i:$?Ji4j&»Wii:T*4, 
[0 0 8 8 ] 

02 0 iz£titf*-s*-Z/3.- h&JzKLtz (a) <7)^^ m^^^mt LTt>4CU^ 

-Z>tZo 

[0 0 8 9] 

^a<7>'i*t £ t mm 1 ®. * mtt %>tz*bK*> &mx& & * 

[0 0 9 0] 

z\ <r> mt>mm<m mzm&m £<omj§t z m l x ^ s 0 ©ig^tt^. $ii 

%imfem%j)^m^mmz%ix^z>c\btfk>frz><> m^xm2 3 Knmmzmt^x>^x ^ 
m%T4 *?mn&fe<o®&*n*nm*mmxibz>$FBMv: ? y^y wx-^-z/*. 

[0 0 9 1 ] 
[0 0 9 2] 

$zmm&<o ! £fcmztt;mm%Mm&&*). mm^mtmm^niL-r^tz^K^m^ 

[0 0 9 3 ] 

*$&WKl:fU$, 10 0Gb/in 2 £jgx. *»v>?E»?&JRlc Lfc tt£<@ 2 0 0 n m 
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